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INTRODUCTION 


This publication profiles U.S. patent activity in robotics. It includes 
the 875 U.S. patents contained in Class 901, a cross-reference art collec- 
tion. 


Class 901 is a comprehensive collection of patents and other technical 
documents about robot technology. The Mechanical Classification Group of 
the U.S. Patent and Trademark Office (PTO) worked with librarians and pat-— 
ent examiners in the PTO to assemble this collection. They searched many 
sources, including scores of subclasses of the U.S. patent file. The pur- 
pose of Class 901 is to allow document retrieval based on the disclosure 
of robot technology while also maintaining classification of the patents 
based on the structure disclosed. 


This report includes only U.S. patents. However, Class 901 also contains 
technical documents and foreign patents. The patents and documents are 
arranged into subclasses. These subclasses, shown in the Class 901 Sched- 
ule in Appendix A, are available in the Scientific Library of the PTO. 


PATENT PROFILES - Robots includes patents granted between January 1963 and 
December 1984, which had been placed in Class 901 as of April 1985. Be- 
cause Class 901 is a collection of patents, additional patents can be add- 
ed to it at any time. 


This report divides Class 901 into seven profiles: Robot Arm Motion Con- 
trollers, Spatial Arm Movement for Robots, Drive Systems for Robot Arms, 
Robot Arm Parts, End Effectors for Robots, Sensing Devices for Robots, and 
Miscellaneous Methods and Apparatus for Robots. 


The seven profiles each have four parts. 
Part A, page 1 shows the following 1982-1984 averages: 


* 3 Year/10 Year Share 

Percent Foreign 

Percent Corporate Owned 
Percent Government Owned 
Percent U.S. Owned of Foreign 


These are defined in Appendix A. 


The first page also defines the technology covered, identifies the sub- 
classes in Class 901 used to generate the profile, and has graphs of pat- 
ent activity by patent grant date and application filing date. 


Part A, pages 2 through 5, presents tables which show, by number and per- 
cent, the patent activity in the technology from 1963 through 1984. Pages 
2 and 3 present data by year of patent grant. Pages 4 and 5 redistribute 
grant data by year of patented application. 


Next is a ranked listing of national and international organizations 
(i.e., corporations, universities, government agencies) which received 
U.S. patents in the selected technology from 1969-1984. Information on 
organizationally owned patents reflects patent ownership at the time of 
patent grant and does not include subsequent changes in ownership. 


Part C of the report lists specific patent numbers and titles for each as- 
signee in the selected technology area. 


Part D of the report gives inventor names, full addresses, and patent num- 
bers and titles for unassigned 1975-1984 patents. It also gives inventor 
names, residence by city and state, patent numbers and titles for patents 
assigned to individuals. At the end of Part D is a list of patents with 
neither assignment nor inventor information in the data base. 


The publication begins with a summary of patenting activity in the entire 
class, which includes the first two parts of the standard patent profile. 
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APPENDIX A 


EXPLANATORY NOTES 


Patented Application Data 


Patented application data are patent grant data redistributed according to 
year of application filing. Patent grants are distributed back to pre- 
vious years because there is a delay between the filing of a patent appli- 
cation and its subsequent issuance as a patent. The length of this delay 
(i.e., the "pendency" of an application) is determined by many factors, 
including Patent and Trademark Office (PTO) workload (which varies among 
technologies), budget and manpower levels, patent printing schedules, etc. 


The average pendency is now in excess of 24 months. Patented application 
data for 1981 to 1984 are incomplete because a significant number of the 
applications filed from 1981 to 1984, which will ultimately become pat- 
ents, were still pending in 1984.* Since they had not yet become patents, 
they were not included in the OTAF data base at the time this report was 
prepared. 


Patented applications shown in the "Pre 71" column correspond to patents 
in the data base, e.g., granted since 1963, which were filed before 1971. 


Note that only applications which ultimately mature into patents are re- 
flected in the application date data. Those applications which were filed 
but never issued (roughly 35 percent of total filings) are not included. 


OTAF feels that patented application data are of significant value since 
the date an-application is filed more accurately reflects when the tech- 
nology was developed. Additionally, fluctuations in data based on appli- 
cation date are much more likely to reflect changes in technological ac- 
tivity, since such fluctuations would for the most part be immune to 
changes in PTO processing. 


For example, the 1979 patent grant data are not low because of a fall-off 
in technological activity. Rather, in 1979, the PTO issued substantially 
fewer patents than normal (about 49,000 as compared to about 66,000 in 
1978) due to a lack of funds to print patents. 


Assignee 


The term "assignee" refers to a corporation, organization or individual to 
whom an inventor's rights to a patent are assigned at the time of patent 
issue. Changes in assignment, name changes and/or mergers which occur 
after the patent is granted are not recorded in the OTAF data base. Ap- 


proximately 80 percent of all U.S. patents are assigned when granted, 
mostly to corporations. 


* For all technologies, patented application data are approximately 86 


percent complete for 1981, and approximately 56 percent complete for 
1982. 


The number of patents attributed to a given assignee in this publication 
may occasionally vary from actual numbers because of alternative name 
forms or random spelling errors in the data base (e.g., General Motors, 
General Motors Corp., GM Corporation). Where possible, OTAF merges alter- 
native name forms and corrects spelling errors. However, not all errors 
are easily identified and it is not always clear whether alternative names 


refer to the same organization. 


Glossary of Terms 


Arm - the appendage emanating from the base of the robot and running to, 
but not including, the end effector. 


Base - the supporting structure for the arm. 


Degree of Freedom - each linear or rotary movement along or about a given 
axis. 
End Effector - a device, connected to the distal end of the robot arm, 


which carries out the robot's intended function. 
Robot - a reprogrammable, multifunctional manipulator designed to move 
devices through variable programmed motions for the performance of 
changeable tasks on a repetitive basis without human intervention. 


Definitions 


The 3-Year/l0-Year Share is the number of patents issued from 1982 to 
1984, divided by the number of patents issued from 1975 to 1984, then mul- 
tiplied by 100. The average for all technologies is 28.8 percent. 


The Foreign Share is the number of patents issued to residents of foreign 
countries from 1982 to 1984, divided by the total number of patents issued 
from 1982 to 1984, then multiplied by 100. The average for all technolo- 


gies is 42.2 percent. 


The percent Corporate Owned is the number of 1982 to 1984 patents assigned 
at time of issue to U.S. or foreign nongovernmental organizations --mainly 
corporations -- divided by the total number of patents issued from 1982 to 
1984, then multiplied by 100. The average for all technologies is 78.5 


percent. 


The percent Government Owned is the number of 1982 to 1984 patents assign- 
ed at time of issue to the U.S. or a foreign government, divided by the 
total number of patents issued from 1982 to 1984, then multiplied by 100. 
The average for all technologies is 2.4 percent. 


The percent U.S. Owned of Foreign is the number of 1982 to 1984 patents 
which have a foreign resident inventor and which are assigned to a U.S. 
organization, divided by the total number of 1982 to 1984 patents which 
have a foreign resident inventor, and then multiplied by 100. The average 


for all technologies is 7.1 percent. 
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MOBILE ROBOT 

ARM MOTION CONTROLLER 

-Teaching system 

--Manual lead through 

.-Machine driven lead through 
-Communication with another machine 
-- Conveyor 

--Robot 

«Closed loop (sensor feedback controls arm movement) 
-.-Sensor physically contacts and follows work contour 
«Mechanically actuated present limit 
-.Cam 

--Limit switch 

ARM MOVEMENT (SPATIAL) 

-Jointed arm 

-Cartesian (X-Y-Z arm) 

-Cylindrical 

«Spherical 

DRIVE SYSTEM FOR ARM 

-With provision for altering speed of driven element 
-Flaccid drive element 

-Fluid motor 

-Electric motor 

..Stepper motor 

-Gearing 

--Including bevel gear 

ARM PART 

-Joint 

Wrist 

END EFFECTOR 

-Gripping jaw 

--Servo-actuated 

-.-Tactile sensor 

-+-Force feedback 

.. Proximity 

.-Actuating means 

..-Fluid motor 

-.-Electric motor 

-.Jaw structure 

-Vacuum or magnetic 

-Tool 

» Welding 

-.-Spray painting or coating 
-Inspection 

«Compliance 

SENSING DEVICE 

-Optical 

COUNTERBALANCE 

PROTECTIVE DEVICE 

MISCELLANEOUS 


Abbreviations 


AB. AKT IEBOLAG 

AEC ATOMIC ENERGY COMMISSION 
AG. AKT LENGESELLSCHAFT 

co. COMPANY 

CORP. CORPORAT ION 

DOE DEPARTMENT OF ENERGY 
GMBH GESELLSCHAFT MIT BESCHRANKTER HAFTUNG 
HB HANDELS BOLAG 

INC. INCORPORATED 

K.K. KABUSHIKI KAISHA 

LTD. LIMITED 


NASA NATIONAL AIR AND SPACE ADMINISTRATION 


S.P.A. SOCIETA PER AZIONI 


APPENDIX B 


PUBLICATIONS BY THE OFFICE OF TECHNOLOGY ASSESSMENT AND FORECAST 


OTAF publications -- PATENT PROFILES, Technology Assessment and Forecast 
Reports, and others -- are described below. They may be purchased from 
the National Technical Information Service (NTIS) or the Government 
Printing Office (GPO). Table B-l presents information for ordering these 
publications. 


PATENT PROFILES 


PATENT PROFILES - Telecommunications (August 1984) identifies more than 
48,000 telecommunications patents issued since 1963, divided into seven 
areas. It analyzes patenting levels and trends, geographic origins and 
ownership, and reproduces sample front pages. This publication further 
defines 21 subdivisions of telecommunications technology and presents 
more detailed U.S. patent activity in profiles of each subdivision. 


PATENT PROFILES - Biotechnology: 1982 Update (September 1983) profiles 
the patenting activity in six areas of biotechnology involving enzymes 
and microorganisms, their use in the synthesis of certain products, and 
their preparation or modification. It includes an analysis of legal 
decisions which have affected the patenting of biotechnology processes 
and products. It lists recent foreign patent documents which disclose 
genetic engineering, and includes front pages of recent patents and 
selected patents of interest. This publication includes a section 
which updates through 1982 the six biotechnology areas profiled in 
PATENT PROFILES - Biotechnology. 


PATENT PROFILES - Microelectronics - II (January 1983) is the second in 
the series of profiles on microelectronics, and and covers two addi- 
tional areas of the technology -- Digital Logic Circuits and 
Semiconductor Memories. A third section -- Speech Analysis and 
Synthesis -- examines an area dealing with a practical application of 
microelectronics technology. It includes front pages of 30 patents and 
briefly describes their particular significance in the art. Also, it 
provides an analysis of organizational patenting patterns. 


* PATENT PROFILES - Microelectronics - I (February 1981) profiles the 
patenting activity in two representative segments of microelectronics 
technology relating to integrated circuit structure and information 
processing devices, e.g., "CPU's." For patents issuing from January to 
October 1980, it includes front pages which show bibliographic infor- 
mation, an abstract of the disclosure, and a representative drawing. 
It also includes information about references cited during the examina- 
tion period. 


PATENT PROFILES - Solar Energy (January 1980) profiles the patenting 
activity in five areas of technology which use energy provided by the 
sun and in three areas which use energy derived from other natural 
sources, such as wind, tide, wave, and geothermal. A cumulative pro- 
file of the five solar ‘areas illustrates the dramatic growth in this 
field. 


PATENT PROFILES - Synthetic Fuels (December 1979) profiles the patent- 


ing activity in ten areas of synthetic fuel technology dealing with the 
conversion of solid carbonaceous material to liquid or gaseous hydro- 
carbons. Starting materials include coal, oil, shale, bituminous 


sands, wood and organic wastes. 


Technology Assessment and Forecast Reports 


Tenth Report (November 1981) updates the "Top 50" most active tech- 
nologies introduced in the Ninth Report. It reviews the U.S. patent 
activity of some of the largest European and Japanese foreign multina- 
tional corporations -- over time, across technology and relative to one 
another. It provides an extensive review of the changing standards for 
computer software patentability, including the 1981 Supreme Court deci- 
sion, and examines the impacts of such changes on a representative 
technology -- seismic data processing. It demonstrates, using aero- 
space technology patenting as an example, how the patent file can be 
used as a source for historical, technical or bibliographic data. 


Ninth Report (March 1979) presents "Top 50" most active technologies in 
three categories -- Most Active, Fastest Growing, and Most Foreign- 
Active -- for each of three broad groupings of technology -- Chemical, 
Electrical and Mechanical. It examines trends in domestic patenting 
and independent inventor patenting. It includes an extensive review of 
patenting in ''Ferrous Metal" technologies. It concludes with a discus- 
sion of two experiments in the transfer of “appropriate technology" to 
small businesses and developing countries. 


Eighth Report (December 1977) reviews U.S. patenting in the context of 
domestic vs. international patenting and analyzes the balance of 
patenting between the United States and other countries. It presents 
an analysis of the extent of disclosure of patented technology in the 
nonpatent literature, showing that much of patented technology is only 
disclosed in the patent literature. This report concludes with an in- 
depth analysis of patent activity in geophysical exploration for hydro- 


carbons. 


Seventh Report (March 1977) reviews historical patenting and trademark 
registration trends, and includes the most extensive collection of his- 
torical U.S. patent data ever presented in a single publication. It 
uses data relating to patents granted by foreign nations for a study of 
invention sources. It uses pending patent application data for fore- 
casting. It presents brief reviews of 16 technologies experiencing 
high overall or foreign patent activity. It concludes with a compre- 
hensive assessment of activity in computer memories. 


Sixth Report (June 1976) reviews 15 technologies with unusually high 
foreign activity and 22 technologies with high overall activity. It 
presents comparisons of patenting to R&D expenditures and R&D manpower 
allocations in six selected industries. The report concludes with a 
review of the six most often cited patents in 1975, five U.S. and one 


foreign patent. 


Fifth Report (August 1975) reviews 60 technological areas, not pre- 
viously reported on, experiencing a high level. of overall activity or 


of foreign activity. It presents patent activity data in categories 
corresponding to 36 Product Fields of the Standard Industrial 
Classification System. 


Fourth Report: A Review of Patent Ownership (January 1975) identifies 
the 73 corporations and government agencies which received 500 or more 
patents during the five year period 1969-1973, and reviews and compares 
their patent activity across the spectrum of technology. It also re- 
views in terms of patent ownership, the patent activity during the same 


period in nuclear energy technology and oil shale and coal gasification 
technology. 


Third Report (June 1974) presents an overview of the technological 
activity, across all technologies, of a group of selected foreign 
countries and a group of selected U.S. states. It extends energy area 
treatments to include oil shale and coal gasification technologies. It 
also reviews additional technological areas having a high level of 
overall activity. 


Early Warning Report (December 1973) spotlights those technological 
areas experiencing a high level of overall activity or of foreign acti- 
vity. It reviews patent activity in a number of energy areas, includ- 
ing nuclear, solar,geothermal, and tide, wind and wave energy. 


Initial Publication (May 1973) describes OTAF programs and gives sample 


reports on 24 wide-ranging areas of technology in varying levels of de- 
tail. 


Other Publications 


° DESIGN PATENTS (1983) compiles all available statistics on design 
patents granted in the United States. It analyzes trends, and iden- 
tifies the origins and ownership of U.S. design patents. It also pro- 
files major divisions within the design patent file, and identifies 
most active design areas. It includes selected patent front pages from 
each class in the Design Classification System. 


Industrial Robots: A Survey of Foreign and Domestic U.S. Patents 
(August 1982) analyzes 212 U.S. patents disclosing industrial robot 


technology, including control and positioning, programming and motion 
systems, sensors, and grippers. It includes patent front pages and the 
first pages of the specification, arranged by technology. It discusses 
countries and companies most active in U.S. patenting of robotics. It 
includes microfiche containing the full text of 212 robot patents. 


Industrial Patent Activity in the United States, Parts 1 and 2 (April 
1985) This two-part publication gives information about the activity, 


ownership and national origin of patents granted by the U.S. Patent and 
Trademark Office. It identifies those U.S. and foreign organizations, 
e.g.-, corporations, government agencies and universities, which have 
been most active in the U.S. Patent System during the years 1969-1984. 
Each part, described below, may be purchased separately. 


Industrial Patent Activity in the United States, Part 1 - Time Series 
Profile by Company and Country of Origin, 1963-1984 (April 1985) shows 
the U.S. 


the relative levels of patenting by all nations active in 

Patent System and gives yearly counts of patents attributed to corpo- 
rate, government and unaffiliated, e.g., "independent" inventors. It 
identifies companies having 10 or more patents in the 1969-1984 period, 
and ranks them in terms of total l6-year patent receipts. Patent acti- 
vity for each year is profiled by both patent grant date and patented 
application filing date. ; 


Industrial Patent Activity in the United States, Part 2 - Alphabetical 
Listing by Company, 1969-1984 (April 1985) is an alphabetical list of 


more than 20,000 U.S. and foreign organizations receiving at least 
three patents during the period 1969-1984. Included for each organiza- 
tion is the total patent count for the l6-year period. 


Microfiche 


Telecommunications - PATENT PROFILES, Microfiche Supplement (August 
in PATENT 


1984) contains the patent numbers of all patents included 

PROFILES - Telecommunications, separated according to technology area. 
It gives the titles for all patents granted since 1969. Patents as- 
signed to organizations are grouped by organization (assignee) name. 
Other patents are grouped by name of inventor or individual assignee. 
For unassigned patents, the full address of each inventor is included. 


xkk*xk 


TABLE B-1 


HOW TO ORDER OTAF PUBLICATIONS 


Copies of the OTAF publications listed below 


are available from: 


TITLE 


Initial Publication 


Early Warning Report 

Third Report 

Fourth Report: A Review of Patent Ownership 
Fifth Report 

Sixth Report 

Seventh Report 

Eighth Report 

Ninth Report 

Tenth Report 


PATENT PROFILES-Synthetic Fuels 
PATENT PROFILES-Solar Energy 


PATENT PROFILES-Microelectronics - I 

PATENT PROFILES-Microelectronics - II 

PATENT PROFILES-Biotechnology: 1982 Update 

PATENT PROFILES-Telecommunications 

Telecommunications-PATENT PROFILES, 
Microfiche Supplement 

PATENT PROFILES-Robots 


Industrial Patent Activity in the 
United States, Part 1 & 2 

Part 1 - Time Series Profile by Company 
& Country of Origin, 1963-1984 *** 

Part 2 - Alphabetical Listing by Compan 
1969-1984 


Design Patents 


Industrial Robots: A Survey of Foreign & 
Domestic U.S. Patents 


NTIS Microfiche of Selected Publications 


DATE 


SERVICE (NTIS) 
5285 PORT ROYAL ROAD 


NATIONAL TECHNICAL INFORMATION 


SUPT. OF DOCUMENTS 
U.S. GOVT. PRINTING 
OFFICE (GPO) | 


SPRINGFIELD, VIRGINIA 22161 WASHINGTON, D.C. 20402 
(703) 487-4650 (202) 783-3238 | 
NTIS ORDER PRICE DOMESTIC | FOREIGN GPO ORDER | Geo 
NUMBER* CODE PRICE** | PRICE NUMBER PRICE 
$ $ $ 
1973 | COM 73-10767] A06 
1973 COM 74-10150| Al3 
1974 COM 74-11383] A09 
1975 COM 75-10050| A07 
1975 COM 75-11142| A08 
1976 PB 254188 A09 | 
1977 PB 265792 ALO 
1977 PB 276375 A07 
1979 PB 293380 09 
1981 PB 82-215658| A09 003-004-00580-7| 7.00 
1979 PB 80-128572 $ 6.50 $13.50 
1980 PB 80-190010 6.50 13.50 
1981 PB 81-179582 8.50 17.00 
1983 PB 83-132613 15.50 31.00 
1983 PB 83-240937 15.50 31.00 003-004-00599-8}| 7.00 | 
1984 PB 84-211044 |- £08 003-004-00608-1 | 7.50 | 
| 
1984 PB 84-211051 7.50 15.50 
1985 PB 85-186153| A08 
1985 PB 85-174886 | E19 
1985 PB 85-174860| E15 
1985 PB 85-174870| Ell 
1983 PB 83-224063 15.50 31.50 003-004-00603-0} 8.50 
1982 PB 82-169269 95.00 190.00 
| varies varies 


* 
ak 
see the NTIS periodical ALERTEC. 


week Contains OTAF's All Technologies Report 
NOTE: 


Prices are subject to change, and do not include handling charges. 


When ordering from NTIS, please give the publication title and its "COM" or "PB" number. 
Domestic prices are for orders from the U.S., Canada and Mexico, or orders placed with NTIS cooperating organizations - 
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